ABSTRACT Aiming at the problem that the large-scale renewable energy is integrated into the grid, which causes the instability of the system output power, the optimal scheduling of the power system during operation, system stability, and power quality. Based on the construction of wind power-pumped storage combined generator set by using water resources, combined with the power generation of a thermal power unit, a scheduling strategy based on the dynamic Kriging model for the integrated strategy of output planning and the economic operation of a wind power-pumped storage-thermal power combined system is proposed. The strategy uses the hypercube sampling method and the particle swarm optimization algorithm after improving the inertia weight to solve the model. The simulation results verify the correctness and effectiveness of the proposed strategy. Through the strategy proposed in this paper, the best output operation scheme of the combined system can be obtained at the same time, which reduces the total investment cost of the system and increases the consumption of renewable energy.
I. INTRODUCTION
With the rapid development of new energy sources such as wind power technology, the development of new energy sources has become an unstoppable trend. In view of the inability to accurately predict, randomize and unstable wind power generation, it cannot be effectively utilized [1] . Not only does it cause a large amount of wind energy to become a abandoned wind, it greatly reduces the consumption of wind power and costs high prices to purchase new energy power generation equipment to make ends meet. Moreover, the access of large-scale wind power equipment will greatly increase the instability of the output power of the distribution network system, and affect the optimal scheduling, system stability and power quality [2] , [3] in the operation of the power system. In view of the above problems, it is of great social significance to adopt a reasonable way to stabilize
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power output [4] , [5] , reduce the amount of abandoned air, make full use of new energy, and realize low-carbon economic dispatch of power system [6] .
In recent years, with more and more large and mediumsized wind farms in China and successively put into operation, in order to ensure a balanced and continuous power supply for the grid, energy storage devices have become a key component for the integration of new energy into the grid. Among them, pumped energy storage [7] as a way to store electric energy, it has become the most mature and the most widely used physical energy storage method in the world. The pumped storage power station has the advantages of large energy storage capacity, peak clipping and valley filling [8] , system backup, etc. The technology in the power grid is widely used, which can be well combined with the new energy power generation with variable output, not only Improve the economics and stability of large-scale new energy access to power system operation, and make full use of renewable energy [9] , [10] .Most of these studies focus on the combined operation of wind power and pumped storage, the optimization of the scheduling model, and the processing of wind power forecasting uncertainty in the system. Literature [11] focuses on the strategy of optimal capacity allocation of wind-storage combined system under certain grid constraints, but for the situation of different system capacity allocation, but does not consider the problem of wind power consumption. In [12] , the economic evaluation model of wind power-pumped storage combined system was established. According to the comprehensive economic evaluation results, the optimal operation plan of the combined wind storage system was optimized. Literature [13] established an economic operation calculation analysis model to maximize the use of wind power as a target, with considerable economic and social benefits. Literature [14] proposed to first determine the electricity price curve, and determine the strategy of the joint system operation mode according to the level of electricity price. In [15] , based on the constraints of the storage capacity of the pumped storage power station, the number of start and stop times of the unit and the conversion of operating conditions, the scheduling model of the combined output of the wind farm and the pumped storage power station is proposed. Literature [16] and [17] studied the dynamic economic dispatch of power systems with wind farms. Among them, the literature [16] applied the stochastic programming theory to establish an economic scheduling model considering the unit combination. A hybrid intelligent algorithm with three optimization algorithms is applied to solve the model. Literature [17] combines credibility theory and fuzzy chance constrained programming to study the dynamic economic scheduling problem under fuzzy confidence level. The chaotic particle swarm optimization algorithm is used to solve. Literature [18] established an optimization model for the combined operation system of wind power-pumped storage power station. The above literatures all consider wind power consumption from a unilateral perspective, and the consideration is not comprehensive enough.
Therefore, this paper proposes an integrated planning strategy for the output planning and economic operation of a wind-pumped-storage-thermal power unit combined system based on the dynamic Kriskin model. Firstly, the wind turbine and the pumped storage unit are combined to establish a wind-storage unit. the grid-connected power of the combined wind-storage unit and the pumping/generation power of the pumped-storage unit as a random variable, and is sampled by the LHS method; then combined with the thermal power generating unit, the wind-pumped-storage-thermal power unit is composed. The total investment cost of the joint system is used as a decision variable to construct a dynamic Kriging model. The model is solved by the particle swarm optimization algorithm with improved inertia weight. After comparing the simulation data, the strategy obtains the optimal operation plan based on the increase of wind power consumption as much as possible, and reduces the total investment cost of the system. 
II. OUTPUT CONSTRAINT AND INVESTMENT COST MODEL OF WIND-PUMPED-STORAGE-THERMAL POWER COMBINED SYSTEM
In this paper, the pumped-storage unit is used to optimize the grid-connected power of the wind turbine. Combined with the coordinated wind-pumped-storage combined generator and thermal power unit, it provides stable gridconnected power for the user load. The focus of this chapter is to model the combined wind turbine-storage unit and establish the investment cost model of the windpumped-storage-thermal power combined system, which lays the foundation for Integrated strategy of the output planning and economic operation of the combined system of wind turbines-pumped-storage units-thermal power units.
A. MODELING WIND POWER-PUMPED STORAGE COMBINED UNIT
In this paper, one day (24 hours) is used as the forecasting period, and every hour is divided into four time periods, a total of 96 coordination periods. Firstly, according to the average value of wind power forecasting power for a certain hour in the current dispatching period, the running state of the pumped storage unit is determined. The type variable considers the two states of pumping and power generation of the unit, that is, when the wind power predicted power is greater than or equal to the wind power forecast power average within an hour, the hour is defined as the pumping state, and the four periods in this state are pumped storage period or zero period (this period is still set to work, but pumping power is zero). When the predicted power of wind power is less than the average value of wind power forecasted within an hour, the hour is defined as the state of power generation. The four periods in this state are the power generation period or zero period(this period is still set to work, but power generation is zero) of the pumped storage unit .In this state, the wind power generation is less. At this time, the water is discharged from the reservoir for power generation. The coordination mode of the wind storage combined unit is shown in figure 1.
1) STATE CONSTRAINTS OF PUMPED STORAGE UNITS
The state model for establishing a pumped storage unit is as follows:
In the formula: X t = 1 indicates that the unit is in the power generation state at the tth hour, and Y t = 1 indicates that the unit is in the pumping state at the tth hour. In this paper, the model uses a reversible pumping-generator set, and each state is mutually exclusive; P w (t, k) is predicted power of a wind turbine at the kth period of the tth hour; P w.t is the total predicted power of the wind turbine at the tth hour; T is a period of 24 hours; K is the number of periods in the hour, that is, 4 periods.
2) CONSTRAINTS ON THE PREDICTED POWER OF WIND TURBINES
(1) Predicted power characteristics of a single wind turbine
The wind speed is a random variable obeying the Weibull distribution. The power characteristics of the wind turbine are generally provided by the wind turbine manufacturer or can be obtained by actual measurement. In the calculation, according to the power characteristic curve of the wind turbine, the relationship between the output power of a single wind turbine and the wind speed can be approximated by a piecewise function:
In the formula: v r and P Wr respectively indicate that the rated wind speed and rated power of the wind turbine in the kth period of the tth hour; v in is the cut-in wind speed; v out is the cut-out wind speed.
(2) The total predicted power of the wind turbine can be expressed as:
In the formula: P IF (t, k) , P w (t, k) represents the power generation (MW) of a single wind turbine and the total wind turbine at the kth period of the tth hour; e, f is the transmission efficiency and power generation efficiency (%) of the wind turbine respectively; N W (t, k) is the number of wind turbines operating normally at the kth period of the tth hour.
B. MODELING OF WIND POWER-PUMPED STORAGE COMBINED UNIT
(1) In this paper, the wind turbine and the pumped storage unit are regarded as a whole, that is, the pumping power of the pumped storage unit is only provided by the wind turbine. The grid-connected power of the wind-storage unit during each coordination period is modeled as follows:
In the formula: P ws (t, k) is the grid-connected power of the wind-storage unit at the kth period of the tth hour; P p (t, k) and P g (t, k) are the pumping power and power generation of the pumped-storage unit at the kth period of the tth hour;
is the grid-connected power of the k (1, 2, 3, 4) period in the pumping state and power generation state of the wind-storage combined unit; η p is the efficiency value of the pumped-storage unit pumping state.
(2) Satisfy the relative smoothing of the grid-connected power of the combined wind-storage unit:
(3) The grid connection constraint of the predicted power of the wind turbine:
In the formula:
is the minimum and maximum capacity of the wind turbine assembly machine at the kth period of the tth hour.
(4) In the electricity market environment, for the gridconnected wind power-pumped storage combined operation mode, In addition to reducing the impact on the system, it is also necessary to consider its own power generation revenue problem, consider the impact of wind power grid-connected on the stability of the grid, and set the grid-to-grid power limits as follows:
In the formula: P min (t, k) and P max (t, k) are the minimum and maximum values of grid-connected power of the wind-storage combined unit at the kth period of the tth hour respectively.
(5) Constraints on pumping power and power generation of wind-storage combined units:
In the formula: η g is the power generation efficiency value of the pumped storage unit; P p. max (t, k) and P g. max (t, k) are VOLUME 7, 2019 the upper limits of pumping power and power generation, respectively.
(6) The number of start and stop times of pumped storage units
The research in this paper is to determine the number of starts and stops of pumped storage units by comparing the predicted power of wind power within one hour with the average of the hourly predicted power of one cycle. That is, the number of start-stops varies with the pumping/generation status of the pumped-storage unit, and the number of startstops of the pumped-storage unit is constrained as:
In the formula: M is the number of starts and stops of the pumped storage unit; N Y t is the number of pumping states; N X t is the number of power generation states.
C. MODELING SYSTEM INVESTMENT COST 1) OBJECTIVE FUNCTION OF SYSTEM INVESTMENT COST
The total cost of the distribution network includes: the power generation cost of the conventional thermal power unit, the peaking efficiency of the unit, and the power generation cost of the combined unit of the wind power-pumped storage unit. which is:
(1) The cost of power generation for thermal power units includes coal consumption costs and operating equipment maintenance costs and infrastructure costs of thermal power units. The power generation cost of a thermal power unit is expressed by a quadratic polynomial, as follows:
In the formula: i is the number of the thermal power unit group; n is the number of thermal power unit groups; a i , b i , c i is the power generation cost coefficient corresponding to the thermal power unit, and P i.G (t, k) is the power generation power of the t-th thermal power unit group at the kth period of the tth hour, MW.
(2) Since wind energy is clean energy and wind power does not need to consume fuel, and this paper does not consider the fuel cost that needs to be consumed when the pumped storage unit starts. Therefore, the operating cost of the wind-storage combined unit is the cost of the operation and maintenance management of the combined wind-storage unit and the infrastructure cost of each coordination cycle, as follows:
In the formula: the power generation cost coefficient of the wind-storage combined unit is K ws .
In the actual dispatch, because the output of the thermal power unit accounts for a large part, the thermal power unit has absolute peaking power. However, in order to promote the consumption of wind power, therefore, when the load is low, the thermal power unit sacrifices part of the peaking power to meet the maximum consumption of wind power. This results in a partial peaking cost for the thermal power unit, and the wind turbine generates peaking gains due to partial peaking power. Its peaking cost model is as follows:
In the formula: ρ BG G is the benchmark price of the thermal power unit, this article takes 60RMB/ (MW · h); P * G is the reduced output of the thermal power unit. C S1 is the power generation income lost by the thermal power unit; C S2 is the direct power generation cost change generated before and after the peaking power transaction. The peaking income of wind power plants after receiving the peaking power includes the increase of wind farm power generation revenue and the increase of auxiliary service cost. The increase of auxiliary service cost is mainly the cost of purchasing rotary reserve, which is not considered in this paper. The peaking income model of the power plant is as follows:
In the formula: P * W is the capacity increased by the wind farm after obtaining partial peaking power; ρ BG W is the benchmark price of wind turbines,This article takes 100RMB/ (MW · h); Let C M be the unit cost of wind power generation, with a value of 61.5RMB/ (MW · h); In this peaking process, the total return model is as follows:
2) OPTIMIZATION CONSTRAINTS OF SYSTEM INVESTMENT COST
(1) After establishing the wind-storage combined generator set, in order to ensure the stable operation of the system, the system must meet the following power balance equation:
In the formula: y L (t, k) is the user load predicted consumption power at the kth period of the tth hour.
(2) Constraints on the predicted power of thermal power generation
In the formula: P i. min and P i. max are the lower and upper limits of the predicted power generation of the thermal power unit, respectively.
Using the relevant constraints and energy balance equations for each device mentioned above, combining the particle swarm optimization algorithm to solve the wind power-pumped-storage-thermal power unit combined system's output planning and economic operation integrated scheduling model, in the case of determining the pumped storage energy/power generation, this paper writes the PSO program on the Matlab platform to solve the optimization model, and obtains the optimal grid-connected power scheme of each unit, which can get the total investment cost of the system.
III. INTEGRATED STRATEGY OF THE OUTPUT PLANNING AND ECONOMIC OPERATION OF THE COMBINED SYSTEM OF WIND TURBINES-PUMPED-STORAGE UNITS-THERMAL POWER UNITS
The key issue in this chapter is how to quickly find the optimal wind power-pumped-storage combined unit's combined output operation plan under the relevant constraints, to combine with the thermal power unit output, and then use the system cost formula to obtain the minimum total cost. In order to solve the above problems, this paper proposes a dynamic Kriging model [19] method, which uses the better global optimization characteristics and robustness of the Kriging model to obtain the global optimal solution more efficiently.
A. DYNAMIC KRIGING MODEL BASED ON LHS
In this paper, a dynamic Kriging model based on Latin Hypercube Sampling (LHS) is proposed. Firstly, the appropriate sample is extracted by LHS sampling method. The particle swarm optimization algorithm is used to optimize the initial sample and substitute the investment cost formula to solve the corresponding total investment cost. Then building the initial particle library and Kriging model.
1) BASIC PRINCIPLES OF THE KRIGING MODEL
The Kriging model is an interpolation method that predicts the response value of an unknown observation point by the weighted average of the existing observation samples. It characterizes the spatial correlation changes by the variation of the variance, and is the earliest used for prospecting in geology. Compared with other models, the Kriging model has the following advantages: 1.relatively high prediction accuracy, better robustness to some more complex function interpolation processes; 2.Kriging model interpolation results can more clearly obtain variables versus objective functions The degree of influence; 3.model can cover the entire test area, providing a better global optimal solution; 4. at the same time it is also very suitable for gradient calculation, and it is better to fit the problem with high nonlinearity. Therefore, it has become the most widely used computational model in computer experimental research [18] .
A detailed introduction to the Kriging mathematical model is given in [19] . This article is no longer a rumor.
2) MODELING DYNAMIC KRIGING MODEL BASED ON LHS
Firstly, the LHS method is used to select random variables. In this paper, the grid-connected power of the wind-storage combined unit in the pumping state and the power generation state, and the pumping/generation power of the pumpedstorage unit in two states are random variables. The random variables in the two states are evenly divided into 96 subintervals in the plane. A total of n sample points are randomly selected in each sub-interval by using the LHS method, and the coordinate values of each sample point are recorded separately. Then there are n × 96 sample points for each time period of 96 periods of one cycle. That is, one cycle corresponds to a set of wind turbine combined unit gridconnected power and pumped-storage unit pumping/power generation.
From the formula (12) (14), (15) . the grid-connected power of the wind-storage combined unit and the pumping/ power generation value of the pumped-storage unit are X i ∈ [X min , X max ], then the adjacent two sample points of the Latin hypercube sampling The distance is:
In the formula: X max is the maximum value of the combined power of the wind-storage combined unit or the pumping/generation power of the pumped-storage unit, and X min is the minimum value of the combined power of the wind-storage unit or the pumping/generation power of the pumped-storage unit.
Since the method divides each dimension variable into equal probability intervals according to the variable interval and randomly extracts the sampling points in each interval, the sample points extracted by the hypercube sampling method can be evenly distributed throughout the sampling space.
According to the value of the random variable of the initial sample, the particle swarm optimization algorithm is used to optimize the random variables, and the grid-connected power of the wind-storage unit with 96 consecutive coordinated periods in the period corresponding to each group of random variables under the constraint condition is optimized. Then, the power balance equation is used to calculate the gridconnected power of the thermal power unit in 96 consecutive coordinated periods, and the objective function is optimized.
To Construct a two-dimensional sampling initial particle library with the total grid-connected power value of the wind-storage combined unit (according to the gridconnected power value of the wind-storage combined unit of 96 consecutive coordinated periods in the cycle) is taken as the x-axis, the total investment cost of the corresponding wind-pumped-storage-thermal power unit combined system as the y-axis.which is stored as an initial particle library, recorded as {N 1 , N 2 , N 3 · · · N i , · · · N n } The i-th particle's sitting mark is N i (X i , Y i ), Where X i represents the total gridconnected power of the wind-storage unit of the i-th particle in the cycle, and Y i represents the total economical total investment cost of the system under the optimization scheme of the i-th particle in the cycle. N i represents the system composition scheme under the above power quota, which can be recorded as scheme N i , i ∈ [1, n] .
In this paper, the DRIC toolbox in Matlab is used to construct the Kriging model for the particles in the initial particle library. The data fitting can be used to obtain the fitting results of the total system cost of each unit under different operating schemes.
IV. SOLVING MODEL A. THE STEPS AND FLOW CHART OF THE MODEL SOLUTION
1. Select the grid-connected power of the wind-storage unit and the pumping/generation power of the pumped-storage unit as random variables. Sample points are extracted using the LHS sampling method.
2. The particle swarm optimization algorithm with improved inertia weight is used to optimize the random variables, and the grid-connected power of the thermal power units in each continuous coordination period is calculated.
3. Construct the initial particle library, and the total gridconnected power value of the wind-storage combined unit in one cycle is the x-axis coordinate. According to the system cost formula, the total cost of the corresponding windpumped-storage-thermal power combined system is calculated and recorded as y-axis coordinates, stored in the initial particle library, and the Kriging model is established.
4. Repeat steps 1-4 and use the LHS to randomly extract N times. Search the current Kriging model to get the global optimal value N best .
5.Terminate the program, output the coordinate N best of the global optimal solution, and output the optimal output scheme and minimum cost of the wind power-pumpedstorage-thermal power unit combined system.
B. IMPROVED PARTICLE SWARM OPTIMIZATION
The particle swarm algorithm [20] is an intelligent optimization method proposed by Dr. Kennedy and Professor Eberhart. It has a fast convergence speed and better global optimization ability for solving nonlinear programming problems with a large number of constraints. The basic formula for particle swarm is:
In the formula: V i (t) and V i (t + 1) are the velocity of the particle i in the iterations t and t + 1; X i (t) is the current position of the particle i in the iteration number t; P Best,i is the optimal position reached by the particle i; g Best is the best obtained by any particle in the particle group Position; ω is the inertia weight; r 1 , r 2 is the random value in (0, 1); a 1 is the acceleration coefficient used to determine the particle's best position; g is the acceleration coefficient used to determine that any particle in the particle group reaches its optimal position. the search optimization, this paper improves it by referring to the idea of adaptive particle swarm optimization based on the adaptive particle swarm optimization algorithm [21] . In the initial stage of the search, setting the inertia weight to a larger value can improve the efficiency of the search for optimization. In the middle and late stages of the search, as the search results are continuously optimized, the improved inertia weight formula makes the inertia weight decrease with the increase of the search step, thereby further improving the accuracy of the search optimization and obtaining more economic benefits. The improved inertia weight can be expressed as:
In the formula: ω max is the initial weight; ω min is the final weight; n max is the maximum number of iterations; n 0 is the current number of iterations. ω max Takes 0.8.
V. STUDYING CASE A. PARAMETER SETTINGS
The test system consists of two thermal power units with a total installed capacity of 300 MW and one equivalent wind turbine group with a capacity of 60 MW. The initial parameters are as follows: the population size is 80 * i; N takes 1000 times; the maximum number of iterations is 200, and other related parameters are as shown in Table 1 :
(1) This paper uses the simple exponential smoothing model and the ARIMA model in the time series prediction module and uses the previous data to establish a prediction model for user load forecasting. The predicted power of wind power is calculated by using the piecewise function in combination with the previous wind speed data. The specific forecast data is shown in Figure 3 . As can be seen from Fig. 3 , since the wind turbine is not only limited by the rated power of each unit, but also subject to the grid-connected power, its consumption will be affected when it is integrated into the grid. The thermal power unit predicts that the power exhibits large intermittent and volatility.
(2) When the grid-connected power of the wind-storage unit is used as a random variable, it is recorded as the scheme 1. When the pumping/power generation of the pumped storage unit is used as a random variable, it is recorded as the scheme2.When the grid-connected power of the wind-storage combined unit and the pumping/generation power of the pumped-storage unit are collectively used as a random variable, it is the scheme 3.The total grid-connected power of the wind-storage combined unit after optimization and the total cost of the optimized wind-pumped-storagethermal power combined system are shown in Table 2 :
Comparing the schemes 1, 2 and 3, it can be seen that the combined wind power storage unit of the scheme 3 has the largest grid-connected power and the total system cost is the smallest. It can be seen from Fig. 4 that the volatility and intermittentness of the on-grid power of the wind-storage combined unit of scheme 3 is smoother than that of schemes 1 and 2, and the amount of abandoned air is the smallest, so scheme 3 is optimal Scheduling.
(4) Due to the instability of the wind turbine generator, etc., it is affected by the grid power of the system after it is integrated into the grid. The optimal total investment cost before and after adding the pumped storage unit through simulation comparison is shown in Table 3 . Table 3 shows that compared with the total investment before optimization, the minimum total investment cost after optimization is reduced by 91.224 million yuan. The optimized wind-storage combined system power supply is 5168.1812 MW, and the optimized maximum grid power is 5341.387 1 MW, an increase of 173.2059 MW.
Comparing the grid-connected power of the optimized wind-storage combined unit with the total grid-connected power of the wind turbine before optimization, it is known that the main cause of wind power loss is the conversion of wind energy into water during the pumping and power generation phases of the pumped storage unit. The power loss generated when potential energy and potential energy are converted into electrical energy, that is, the optimized operation scheme obtained through this optimal scheduling can maximize the consumption of renewable energy. The validity and correctness of the proposed strategy are verified.
(5) Comparing the PSO algorithm before and after improving the inertia weight, the system total investment cost data pair is shown in Table 4 , and the convergence speed is shown in Figure 5 .
It can be seen from Table 4 that the total investment cost of the system in a scheduling period after improving the inertia weight is reduced by 0.2212 million compared with that before the improvement, indicating that the PSO algorithm after improving the inertia weight improves the precision of optimization.
When the PSO algorithm is used to optimize the search after the improved inertia weight, the optimal solution is obtained by the number of iterations to 30 times. When the PSO algorithm is used to optimize the search with the improved inertia weight, the optimal solution is obtained after the number of iterations to 60 times. It is shown that the PSO algorithm with improved inertia weight can improve the convergence speed of the algorithm.
(6) Using the optimal scheduling result of scheme 3, the coordination method of the wind turbine and the pumped storage unit under the optimal solution example is shown in Fig. 6 .
It can be seen from Fig. 6 that 5-11 points, 17-22 points and 2 points have a large wind speed, so it is in a pumping state. 12-16 points, 23-1 points 3-4 points for the power generation state, that is, the number of starts and stops of the pumped storage unit is 6 times, which is less than the number of start and stop limits set by the unit.
(7) Under the optimal scheduling result of the scheme 3, the optimized output data of each unit is shown in Fig. 7 . It can be seen from Fig. 7 that after adding the pumped storage unit, compared with Fig. 3 , the wind storage combined system obtains stable grid-connected power when the load demand is satisfied, and the power generation of the thermal power unit has obvious volatility before coordination. the operation of the entire system is much smoother before the coordination.
(8) After practice, people generally think that the survey: the sampling error of 100 samples is ±10%, the sampling error of 500 samples is ±5%, and the sampling error of 1200 samples is ±3%. The effect of the value on the scheduling result is as follows:
It can be seen from Table 5 that as the number of samples taken increases, the sampling error will decrease. However, when the sample is taken more than 1000 times, the error is no longer reduced. That is, when the value is 1000 times, the scheduling result is optimal.
VI. CONCLUSION
In the background of the pumped-storage unit, the operation model of the wind-storage combined unit in the daily dispatching period is established, and then the grid-connected power of the combined wind-storage unit and the pumping/ power generation of the pumped-storage unit are random variables; Based on the dynamic Kriging model, the total investment cost of the system is based on the dynamic Kriging model. The output planning and economic operation's integrated scheduling strategy of the wind turbinespumped-storage units-thermal power combined system is obtained. The optimal output plan and the most economical investment cost of each unit of the system are obtained. The strategy fully considers the impact of renewable energy on the output power of the system after it is integrated into the grid, reducing the consumption of non-renewable energy.
(1) Compared with the scheduling results of the common wind-storage combined system, the net power of the windstorage combined unit obtained through the optimization is increased, and the total investment cost of the system is reduced. The ability to absorb renewable energy has been improved, which verifies the correctness and effectiveness of the proposed strategy.
(2) After establishing the wind-storage combined unit model in the system, by optimizing the power supply of the combined wind-storage system, the intermittent and volatility of the thermal power generation power generation is significantly reduced compared with before, and the operation of the whole system is stable before coordination.
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